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R
ecent studies have shown that lowgrade inflammation is linked both to insulin resistance (1, 2) and the metabolic syndrome (3, 4) and may even predict the development of type 2 diabetes (5) (6) (7) (8) .
However, adipose tissue might play an important role in these relationships. There is still controversy about whether low-grade inflammation is an intermediate factor between obesity and insulin resistance or whether it has an independent effect on the development of type 2 diabetes through a mechanism separate from obesity.
The aim of this study was to explore whether low-grade inflammation (measured by plasma C-reactive protein (CRP) levels) was related to insulin resistance and to parameters of metabolic syndrome, independent of obesity.
RESEARCH DESIGN AND
METHODS -We conducted a crosssectional, single-center study on 400 men aged between 40 and 80 years. The subjects, methods of recruitment, study procedures and anthropometrical and laboratory measurements have been described elsewhere (9) . Twenty-one participants had prevalent diabetes and were excluded from the study; 13 participants were excluded because their level of CRP was above 10 mg/l and 2 because blood samples had been taken in a nonfasting state. Our final study population comprised 364 participants.
Various measures of obesity were obtained: weight, BMI, waist circumference, waist-to-hip ratio, visceral and subcutaneous fat using ultrasound measurement (10) , and total body fat mass using dualenergy X-ray absorptiometry.
Information on prevalent diseases, medication use, and lifestyle factors was available. Peripheral blood pressure was measured. Physical activity was assessed using the Voorrips score (11).
High-sensitivity-CRP, HDL cholesterol, triglycerides, glucose, and insulin were measured in fasting blood samples. Details about the precision of the assays have been reported (9, 12, 13) . Insulin sensitivity was determined with the homeostasis model assessment of insulin resistance (HOMA-IR): [fasting insulin (mU/l) ϫ fasting glucose (mmol/l)]/22.5. The presence of metabolic syndrome was defined according to the National Cholesterol Education Program criteria (14) .
Statistical analysis
Subjects were divided into quartiles according to their CRP level. Linear regression analysis was used to estimate the relation of CRP with insulin resistance and the individual components of metabolic syndrome. The P value for linear trend was calculated with the median of the CRP level in each quartile. Multivariate analyses were adjusted for age, smoking, and physical activity. To explore the relationship between CRP and insulin resistance and between CRP and metabolic syndrome independently of markers of obesity, the models were also adjusted for various different body composition parameters. Statistical analyses were performed using SPSS, version 12.0.1 for Windows.
RESULTS -In general, men with higher CRP levels were older, scored higher on markers of obesity, were less physically active, and had higher glucose levels and insulin resistance. They also fulfilled the criteria for metabolic syndrome more often (Online Appendix Table 1 [available at http://dx.doi.org/ 10.2337/dc06-2531]).
After adjusting for confounders (age, smoking, and physical activity), insulin resistance was significantly higher in the 4th quartile of CRP compared to the 1st, but after adjusting for the various parameters of obesity, the difference in HOMA-IR between the quartiles of CRP was no longer evident (Table 1) . However, adjustment for subcutaneous fat attenuated the relationship between CRP and HOMA-IR to a lesser extent than the other parameters of obesity.
Of the individual components of metabolic syndrome, waist circumference, glucose, and HDL-cholesterol showed a statistically significant association with CRP (data not shown). When we further adjusted the relationship between CRP and the individual components of metabolic syndrome for measures of obesity, only glucose remained statistically significantly higher in the 4th quartile of CRP compared to the 1st quartile (Table 1) .
CONCLUSIONS -CRP was not related to insulin resistance after adjustm e n t f o r p a r a m e t e r s o f b o d y composition, whereas CRP was indepen-dently associated with glucose, but not with the other components of metabolic syndrome.
Recently Kahn et al. (15) showed that the relationship between CRP and the number of components of metabolic syndrome markedly attenuated and became nonsignificant after adjusting for BMI in drug-naive type 2 diabetes patients. Because all the patients in their study satisfied the glucose criteria of metabolic syndrome by definition, this criterion did not contribute to the correlation between CRP and components of metabolic syndrome. Our study therefore broadens what is known about this topic, since it shows that CRP is associated with plasma glucose, independently of obesity. Furthermore, in healthy elderly men we confirmed Kahn et al.'s finding that CRP is not independently related to other components of metabolic syndrome.
Conflicting results have been found regarding the correlation between CRP and insulin resistance (2,16 -20) . However most of these studies did not have the prime aim of exploring the underlying pathways. Some of these studies did not therefore adjust for parameters of obesity at all, while others did not investigate the effect of a separate adjustment for obesity.
A limitation of our study is its crosssectional design, and, therefore, we can only suggest, but not prove, the causality of the observed relationships. We used HOMA-IR and ultrasound instead of hyperinsulinemic-euglycemic clamp and computed tomography scan, respectively, for assessing insulin sensitivity and visceral and subcutaneous fat. However, these measurements have proven to be strongly correlated with the gold standards (correlation coefficients Ϫ0.82 and 0.81, respectively) (10, 21) Our data point to an obesity-independent mechanism which relates CRP and glucose. One explanation might be the proinflammatory effects of glucose: In itself, glucose is proinflammatory (22) , and it can increase IL (interleukin)-6, tumor necrosis factor-␣, and IL-18 release in healthy subjects and persons with impaired glucose tolerance (23) . Furthermore, prolonged hyperglycemia and the accompanying production of excess amounts of advanced glycation end products can activate nuclear factor-B (24). This will lead to an inflammatory reaction, independently of adipose tissue.
In conclusion, our findings strongly point to low-grade inflammation as an intermediate factor in the relationship be- tween adipose tissue and insulin resistance. The independent association of glucose with CRP suggests an additional mechanism by which glucose and CRP are related, independent of obesity.
